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A Method to Unambiguously Determine the Parity of the G + Pentaquark 
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With the recent discovery of the 0(1540) pentaquark, the question of its parity is paramount since this will 
constrain the correct description of its internal structure. We show that the measurement of the spin singlet and 
triplet cross sections for the reaction pp — > E + G + will unambiguously determine the parity of the + . 



The recent discovery of the 9 + baryon |ll2l.'i| 
has been associated with a tremendous amount 
of theoretical activity 0]. For the present there 
is no consensus within the theoretical community 
as to the parity of this exotic state, with roughly 
half of the calculations/models on cither side of 
the mirror. For example, the original prediction 
of the + in the chiral soliton model [S] predicted 
that the + (called the Z + in that paper) is part 
of an anti-decuplet, with all members having spin 
and parity J 71 ' = \ + . On the other hand, lat- 
tice gauge calculations [H] suggest that the 6 + 
has J 71 " = \ . Since the parity reflects internal 
dynamics of the + , it is absolutely crucial to 
further theoretical progress that the parity be de- 
termined experimentally, as soon as possible and 
without ambiguity. 

A number of proposals have been made so 
far [7j, but all of them involve considerable ex- 
perimental challenge as well as an understanding 
of the reaction mechanism. There is good reason 
why this is so difficult. Suppose that a sample of 
100% polarized + particles could be prepared 
at rest in the laboratory. Even under this ideal 
condition, the decay angular distribution of this 
strongly-decaying particle gives information only 
on the spin, and not the parity, unless the po- 
larization of the final-state nucleon is measured 
(this is a simple consequence of symmetry of the 



magnetic substates of the system) 1 . Even if the 
difficult experimental task of measuring the final 
nucleon polarization is accomplished for the small 
+ cross section, the polarization of the + de- 
pends on the density matrix elements of the re- 
action mechanism. It would be much more desir- 
able to have a method that is independent of the 
details of the production mechanism. 

A classic, well-known example of parity de- 
termination is the case of the pion, which in- 
volved the decay of pionic deuterium [H]. There 
the Fermi statistics of the two nucleons and the 
threshold kinematics played an essential role. 
Here we consider an analogous reaction, namely 
+ production from two protons in the threshold 
region. We will briefly explain how this process 
can provide an unambiguous determination of the 
parity of the + . For the purposes of our analy- 
sis we assume that the + has spin- 1/2, but it is 
trivial to show that the argument generalises to 
spin-3/2. We consider the process 



P + P 



(1) 



at and just above threshold. If the final centre 
of mass momentum is A:, a final state with L = 1 
is suppressed in production rate with respect to 



1 In fact, the angular distribution of the kaon from a po- 
larised 0+(J 2 = J) is proportional to (s'm8) 2J ~ 1 regard- 
less the parity 



2 



L = by a factor (kR) 2 , with i? a characteris- 
tic distance of order one fermi. If one is within 
a few MeV of threshold the suppression is one to 
two orders of magnitude. Thus one can be sure 
that the final state has L = 0. (The energy de- 
pendence of the production cross section in the 
region just above threshold will, in any case, pro- 
vide an unambiguous check of this assumption.) 
The total spin of the E + and the 9 + is S = or 
1. Thus the total angular momentum and parity 
of the final state must be + or 1 + if the parity 
of the + is positive and 0~ or 1 if the parity of 
the + is negative. Since the total angular mo- 
mentum and parity are conserved in strong inter- 
actions these values will also be the total angular 
momentum and parity of the initial state. 

We note that the isospin of the initial pp state 
is / = 1 and the Pauli exclusion principle then 
implies that if the initial pp orbital angular mo- 
mentum is even the initial spin must be S = 0, 
while if it is odd the initial spin must be S = 1. 
This leads to the following possibilities: 

• Parity of + positive: In this case, the 
spins of the protons should be anti-alligned. 
Then the initial pp state must be 1 Sq. 

• Parity of + negative: In this case, 
the spins of the protons should be alligned. 
Then the initial pp state must be 3 Po or 3 Pi 
(for J = and 1, respectively). 

No other possibilities exist. 

Clearly a measurement with polarised proton 
beam and target which observes the reaction |T)1 
near threshold enables one to determine whether 
the production occurs for the spin singlet or 
triplet state of the initial protons. If it is the 
former the + must have positive parity, while 
if the latter it must have negative parity. We 
stress that this conclusion relies only on the con- 
servation of total angular momentum, parity and 
isospin in the strong interaction and is totally in- 
dependent of any particular reaction mechanism. 

Assuming that the width of the + is of the or- 
der an MeV or more, one would expect the total 
cross section for the reaction Q to be in the range 
0.1 to 1.0 /xb at beam energies a few tens of MeV 
above the reaction threshold Near threshold, 



the cross section will be lower, perhaps by one 
or two orders of magnitude. In addition, the re- 
quirement of a polarized beam and a polarized 
target could reduce the luminosity of the mea- 
surement, making it still more difficult. However, 
near-threshold measurements are now routinely 
done with polarized beam and target [10) that 
were considered extremely difficult in the previ- 
ous years. Considering the overwhelming theoret- 
ical importance of determining the parity of the 
+ , experimentalists have a strong motivation to 
use their ingenuity and overcome the difficulties of 
such a measurement. We expect that it is within 
the the capabilities of facilities such as COSY at 
Julich, and it is important that this measurement 
be carried out as soon as possible. 
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